Objectives The objective of this registry was to study the safety of prehospital initiation of ticagrelor compared with clopidogrel. Background Ticagrelor has replaced clopidogrel in many hospitals as the routinely used antiplatelet drug in patients with ST-segment elevation myocardial infarction (STEMI). Nevertheless, in the PLATelet inhibition and patient Outcomes (PLATO) trial, ticagrelor was associated with an increase in non-CABG (non-coronary artery bypass grafting)-related major bleeding. Data comparing the safety of ticagrelor and clopidogrel after prehospital initiation of treatment are not available. Methods A retrospective, multicenter registry was performed. Selection criteria were the administration of a prehospital loading dose of ticagrelor or clopidogrel according to the ambulance STEMI treatment protocol and the presentation to a percutaneous coronary intervention-capable hospital in our region between January 2011 and December 2012. Follow-up was performed using the electronic patient files for the time period between the antiplatelet loading dose and hospital discharge. The data were analyzed using a primary bleeding end point (any bleeding) and a secondary thrombotic end point (all-cause mortality, spontaneous myocardial infarction, definite stent thrombosis, stroke, or transient ischemic attack). Results Data of 304 clopidogrel-treated and 309 ticagrelor-treated patients were available for analysis. No significant difference in bleeding rate was observed between both groups, using univariate (17.8 vs. 20.1%; p ¼ 0.47; odds ratio, 1.16 [95% confidence interval, 0.78-1.74]) and multivariate (p ¼ 0.42) analysis. Also for the secondary thrombotic end point (6.3 vs. 4.9%, p ¼ 0.45), no significant differences were observed. Conclusion In this real-world registry, no significant differences in bleeding or thrombotic event rate were found between ticagrelor and clopidogrel after prehospital initiation of treatment.
Introduction
Dual antiplatelet therapy (DAPT) plays a major role in the acute treatment of ST-segment elevation myocardial infarction (STEMI), as the process of thrombus formation during STEMI is strongly platelet driven.
1-3 DAPT reduces the number of atherothrombotic events in patients with acute myocardial infarction and in patients undergoing percutaneous coronary intervention (PCI). [3] [4] [5] [6] The early use of DAPT in STEMI patients also prevents the occurrence of stent thrombosis, which is particularly relevant because stent thrombosis is associated with a high mortality rate. [7] [8] [9] The current STEMI guidelines recommend the early administration of DAPT, as soon as the STEMI diagnosis is established.
10,11
Until a few years ago, the cyclooxygenase (COX)-1 inhibitor aspirin and the adenosine diphosphate (ADP) receptor antagonist clopidogrel were the treatment of choice. With the introduction of prasugrel and ticagrelor, two more potent oral antiplatelet drugs became available. Tested in large cohorts of patients with acute coronary syndrome, both drugs proved to be more effective in the prevention of recurrent atherothrombotic events.
12,13 Also, both drugs showed a faster onset of action compared with clopidogrel. [14] [15] [16] [17] Keeping in mind that acute myocardial infarction results in an increased platelet aggregation and that the risk of stent thrombosis is the highest in the first hours after primary PCI, these higher efficacy and faster onset of action make prasugrel and ticagrelor preferred drugs nowadays over clopidogrel in the treatment of STEMI patients. 10, 14, 18, 19 In the Netherlands, prasugrel and ticagrelor have replaced clopidogrel in the prehospital STEMI treatment protocols, following the publication of the 2012 European Society of Cardiology (ESC) STEMI guideline. 20 The downside of these drugs is that the bleeding risk is higher, which might be even more evident when used in specific subgroups of patients (i.e., in the elderly), related to the risk of periprocedural bleeding, or in combination with other anticoagulants, such as heparin and glycoprotein IIb/IIIa inhibitors (GPI). The available data describing the bleeding risk are limited, because most anticoagulants were only tested in combination with clopidogrel. 12, 13, 21, 22 Moreover, although the STEMI diagnosis made in the ambulance is correct in the large majority of patients, some patients will be misdiagnosed and treated with antiplatelet treatment in the absence of a myocardial infarction. The aim of this registry was to study the safety of prehospital administration of ticagrelor in comparison to clopidogrel in a real-world setting.
Methods
This study was designed as a retrospective, observational, multicenter registry. Patients were selected from the digital records of the regional ambulance service Utrecht (RAVU), an organization providing ambulance service to 1.3 million residents in the province of Utrecht in the Netherlands. All consecutive patients between January 1, 2011, and December 31, 2012, who received a loading dose of either clopidogrel or ticagrelor and were subsequently transported to one of the three PCI-capable hospitals in the area were selected.
The RAVU changed their STEMI treatment protocol on December 15, 2011: before this date, clopidogrel was administered in all patients suspected of having a STEMI, while from December 15, 2011, on, ticagrelor was administered in these patients. There were no differences between both protocols regarding which patients were eligible for treatment. Both the RAVU's electronic patient file and the hospital's electronic patient file were used to collect baseline characteristics, diagnosis, treatment, and outcome data. Patients without in-hospital follow-up data were excluded from the analysis. The local ethics committee provided a waiver for obtaining written informed consent, based on the noninvasive character of the study.
End Points
The primary end point was the occurrence of any bleeding event between the administration of the clopidogrel or ticagrelor loading dose in the ambulance and hospital discharge. Bleeding events were classified using the Bleeding Academic Research Consortium (BARC) bleeding criteria.
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As a secondary end point, bleeding was evaluated for different subgroups of bleeding, i.e., combined BARC 2-5 bleeding, periprocedural bleeding related to angiography or PCI, bleeding requiring invasive intervention (surgery or endoscopy with intervention), and bleeding requiring transfusion.
Additionally, a thrombotic end point was analyzed, consisting of all-cause mortality, nonfatal myocardial infarction, definite stent thrombosis, and nonfatal stroke or transient ischemic attack (TIA), both as separate events and as a composite end point. Myocardial infarction was defined as type 1 spontaneous myocardial infarction according to the 2012 universal definition of myocardial infarction. 24 Definite stent thrombosis was classified as angiographically confirmed stent thrombosis, according to the Academic Research Consortium criteria. 25 Stroke and TIA were defined as any new neurological deficit, lasting for more than 24 hours (stroke) or less than 24 hours (TIA) and described as such by a neurologist. 
Sample Size and Statistical Analysis
The sample size of our registry was based on a timeframe, chosen to obtain two comparably sized groups, rather than a calculated sample size. Reason was that there were no detailed data available describing in-hospital bleeding rates in an all-comer population after prehospital administration of a clopidogrel or ticagrelor loading dose. We estimated that this would yield a total number of patients that would be substantial enough to draw relevant conclusions, but would also be feasible for the follow-up data collection. Therefore, this analysis should be considered as exploratory.
Patient characteristics were compared using a two-tailed Student's t-test for continuous variables and a two-tailed Pearson's chi-square test for binary and categorical variables. Statistical analyses were performed using SPSS software (version 22, IBM, USA). A p-value < 0.05 was considered statistically significant. Baseline variables with unequal distribution between both groups and which were considered relevant for our analysis were used for multivariate analysis using logistic regression. A likelihood ratio test was used to calculate the interaction p-value.
Results

Study Cohorts
A total of 704 patients received a clopidogrel or ticagrelor loading dose in the ambulance before or during transport to a PCI-capable hospital. Of those patients, diagnosis and complete in-hospital follow-up was obtained in 613 patients: 304 patients received a 600-mg clopidogrel loading dose (cohort prior to December 15, 2011) and 309 patients received a 180-mg ticagrelor loading dose (cohort starting December 15, 2011) . The remaining 91 patients were transferred to a hospital not participating in this registry and were therefore excluded from the analysis.
Baseline characteristics for the clopidogrel and ticagrelor treated groups are listed in ►Table 1. Both treatment groups were well balanced according to age, gender, and cardiovascular risk factors. Patients were hospitalized for an average of 5.9 days. A cardiac-related condition was diagnosed in 554 patients (90.4%), and in 505 patients (82.4%) an acute myocardial infarction was diagnosed. Coronary angiography and In the ticagrelor-treated patient group, 90 patients (29.1%) were treated according to the EUROMAX study protocol. In this randomized trial, the prehospital administration of heparin plus optional GPI (tirofiban) was compared with the use of bivalirudin in STEMI patients. 26 Nevertheless, the use of heparin or bivalirudin was not statistically different between both our study groups (96.7 vs. 93.9%, p ¼ 0.10), although the prehospital administration of heparin was more frequent in the clopidogrel-treated patients compared with the ticagrelor-treated group (96.7 vs. 76.1%, respectively, p < 0.01), while 17.8% of ticagrelor-treated patients received prehospital bivalirudin infusion. The total number of patients who were treated with a GPI was not significantly different between both groups, although prehospital administration was performed in the ticagrelor-treated group only.
Outcome Events
Between administration of the antiplatelet loading dose and hospital discharge, 17.8% of clopidogrel-treated patients suffered a bleeding event, as compared with 20.1% of the ticagrelor-treated patients (p ¼ 0.47, ►Table 2). After multivariate analysis, adjusting for baseline differences between 
the clopidogrel and ticagrelor group-gender, GPI use, arterial access site, and the use of one or more DESs-"any bleeding" was still not significantly different between both groups (p ¼ 0.42). The number of bleeding events requiring intervention was higher in the clopidogrel-treated patients (3.3 vs. 0.6%, p ¼ 0.02), which could not be attributed to differences in arterial access site or GPI use. No significant differences were found when bleeding was classified according to BARC bleeding types or for combined BARC 2-5 bleeding (►Table 2 and ►Fig. 1). Multivariate analysis using baseline characteristics predictive and relevant for bleeding events (►Appendix Table 1 )-age, gender, arterial access site, and estimated glomerular filtration rate < 45mL/minshowed no significant difference between the clopidogreland ticagrelor-treated group (p ¼ 0.36). Bivalirudin use could not be accounted for in the multivariate analysis, because it was only administered in the ticagrelor-treated group in patients in the EUROMAX trial. Therefore, we performed the same univariate and multivariate analysis in a selection of patients treated with heparin in the ambulance, to compensate for the effect of the EUROMAX trial, which did not result in any statistically significant Patient Outcome after Antiplatelet Loading in Ambulance Bergmeijer et al. e361
differences between both groups (data not shown). This was the same when all patients participating in the EUROMAX study were omitted from the analysis. The composite thrombotic end point was not statistically significantly different between clopidogrel-and ticagrelortreated patients, both in univariate analysis (6.3 vs. 4.9%, p ¼ 0.45) and multivariate analysis (p ¼ 0.30) (►Table 3). All-cause mortality was comparable among both groups (3.3 vs. 3.2%, p ¼ 0.97), while definite stent thrombosis and stroke or TIA were numerically lower in the ticagrelor-treated patient group. Myocardial infarction (not related to stent thrombosis) was not observed during in-hospital follow-up.
In the PRIVATE-ATLANTIC study, the administration of morphine was related to delayed onset of antiplatelet effect of ticagrelor. 27 In our registry, 179 patients (29.2%) received fentanyl intravenously in the ambulance, which was not significantly associated with the bleeding end point, the thrombotic end point, or definite stent thrombosis, both in the clopidogrel and ticagrelor subgroups, and for the combined study cohort.
Interaction Subgroup Analysis
In a subgroup analysis evaluating all relevant baseline and treatment variables available, no specific subgroup of patients could be identified to be at a significantly increased bleeding risk after clopidogrel or ticagrelor loading dose (►Fig. 2).
Discussion
In this registry, we compared the in-hospital outcome of clopidogrel versus ticagrelor after initiation of treatment in the ambulance. Although the number of BARC 1 bleeding events was numerically higher, and thrombotic events, i.e., stent thrombosis, were lower when ticagrelor was used instead of clopidogrel, no significant differences were found.
Advantages of Prehospital Antiplatelet Loading Dose
In observational studies, the administration of clopidogrel before the start of the primary PCI has shown to be beneficial. 3, 28, 29 In the randomized CIPAMI trial, which compared prehospital administration of a clopidogrel loading dose to a loading dose after diagnostic angiography in 337 STEMI patients, a nonsignificant reduction in the combined end point of death, reinfarction, and urgent target vessel revascularization was found (3.0 vs. 7.0%, p ¼ 0.09), without an increase in the number of bleeding events associated with prehospital clopidogrel administration. 30 The efficacy and safety of early P2Y 12 inhibition is confirmed by a recent meta-analysis containing 9,648 STEMI patients, performed by Bellemain-Appaix et al, showing improvement of coronary reperfusion before PCI and a reduction in major adverse cardiovascular events (MACE) and stent thrombosis (nonsignificant), without increase in major bleeding.
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The prospective multicenter MULTIPRAC registry compared the prehospital use of clopidogrel and prasugrel in 2,053 STEMI patients. 32 Although no difference was found for clinical outcome, the percentage of patients with post-PCI ST-segment resolution of at least 50% on ECG was significantly higher in the prasugrel-treated group (65.0 vs. 71.6%, p ¼ 0.005), without a significant increase in bleeding rate. An observational study performed by De Backer et al in 3,497 STEMI patients, however, found no benefit of prasugrel or ticagrelor compared with clopidogrel on early coronary reperfusion (TIMI 3 flow in the infarct-related artery) or 30 days MACE, although this strategy seemed to be safe without increase in major bleeding. 33 Our analysis has a comparable design to the study performed by De Backer et al. Most important differences are the selection of patients (all patients loaded with a P2Y 12 inhibitor in the ambulance in our study vs. STEMI patients with less than 6 hours of symptoms and undergoing primary PCI in De Backer et al), the time since the administration of the antiplatelet loading dose (36 minutes to hospital arrival vs. $65-75 minutes to angiography), and sample size (304 clopidogrel-treated and 309 ticagrelor-treated patients vs. 1,532 clopidogrel-treated and 491 ticagrelor-treated patients). Nevertheless, both studies do not find a significant advantage or disadvantage in short-term clinical outcome for prehospital ticagrelor over clopidogrel. The ATLANTIC trial, in which 1,862 STEMI patients were randomized between a prehospital and in-hospital ticagrelor loading dose, did not find improvement in reperfusion of the culprit artery associated with prehospital loading, although Patient Outcome after Antiplatelet Loading in Ambulance Bergmeijer et al. e362
prehospital ticagrelor administration was associated with a lower number of definite stent thrombosis events within 24 hours after PCI (0 vs. 0.8%, p ¼ 0.008).
7 A prehospital ticagrelor loading dose was not associated with an increase in major bleeding events compared with in-hospital administration. In the ATLANTIC trial, however, the time difference between prehospital and in-hospital ticagrelor administration was only 31 minutes on average. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
A registry study can provide important information about real-world patient care, which a randomized controlled trial might not be able to detect. Although the study design (registry vs. randomized controlled trial) was different, our registry has similarities with the ATLANTIC trial. Most baseline characteristics are comparable and the short prehospital treatment time observed in the ATLANTIC trial was comparable with the treatment time observed in our registry (31 minutes between prehospital and in-hospital ticagrelor administration in ATLAN-TIC vs. 36 minutes between first medical contact and hospital arrival in our registry). The findings of our observational study strengthen the main conclusion of the ATLANTIC trial that ticagrelor is safe to use in the prehospital setting. Furthermore, the significant lower incidence of stent thrombosis related to prehospital administration of ticagrelor found in the ATLANTIC trial matches the numerical trend in our registry, although our finding was not statistically significant. Factors hampering the power of our findings are the comparison with clopidogrel (instead of comparison to placebo) and the lower number of patients. There was no signal found for a difference in mortality rate associated with early ticagrelor use in both the ATLANTIC trial and in our registry, although a recent published subgroup analysis of the ATLANTIC with French patients only-characterized by a higher rate of radial access, prehospital GPI use, and intravenous enoxaparin-showed a significant reduction in mortality associated with prehospital ticagrelor administration (1.4 vs. 3.3%, p ¼ 0.01). 34 While morphine use appeared to be of importance in the ATLANTIC trial, this effect was not found for the prehospital use of fentanyl in our registry. Like with morphine, fentanyl use is associated with a delayed onset of action of oral antiplatelet agents, most likely associated with delayed gastric emptying.
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Disadvantages of Prehospital Antiplatelet Loading Dose
Although there is evidence to support routine prehospital administration of DAPT in STEMI patients, there are also disadvantages. It might be difficult to identify the patients with a contraindication for antiplatelet therapy in the prehospital setting, although the number of patients with an absolute contraindication is relatively low and depends on which ADP receptor antagonist is used. 38 Despite the fact that all patients in our registry received a clopidogrel or ticagrelor loading dose, according to the ambulance STEMI protocol, 23.2% of patients were eventually not diagnosed with STEMI and in a substantial 9.6% of patients no cardiacrelated problem was found. Those patients experience a bleeding risk without the treatment benefit. Finally, the distance to the nearest PCI-capable hospital is generally short in the Netherlands and STEMI patients will be directly presented to the catheterization laboratory whenever possible. With a time between first medical contact and hospital arrival of just over 30 minutes, there is only limited time to win with prehospital initiation of DAPT.
Limitations
Our study has some limitations that need to be mentioned. First, the number of patients is limited and, although accounted for with multivariate analysis, differences in the use of anticoagulants between both groups (i.e., the introduction of bivalirudin) and the shift from femoral to radial approach for PCI might have influenced the results. The risk of selection bias with respect to clopidogrel or ticagrelor treatment, however, was minimal because in all ambulances in our region only one of the antiplatelet drugs was available at a time. Second, due to the study design as a retrospective registry, events might have been missed if they were not recorded in the patient file, although it is unlikely that thrombotic events and the more severe bleeding events would have been missed. Third, our registry contains all patients receiving an antiplatelet loading dose instead of selecting patients with STEMI only, thereby resembling everyday practice. The interaction subgroup analysis did not suggest our findings to be different for STEMI patients or patients without a cardiacrelated diagnosis. Last, it would have been interesting to compare our data to a group of patients who received prasugrel or no antiplatelet treatment in the ambulance, but such patient groups were not available in our region.
Conclusion
In this registry, using real-world data, no significant differences were found for thrombotic or bleeding events after administration of a ticagrelor versus a clopidogrel loading dose in patients treated according to STEMI protocol in the prehospital setting. Although it is still unclear if prehospital administration of a P2Y 12 inhibitor is beneficial, there seems to be no safety risk associated with prehospital initiation of ticagrelor compared with clopidogrel.
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